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1 
This invention relates to retays and more par- 
ticu]arty fo etectromagnetic retays of the sequence 
type adaptable to be energized by 2-wire, low- 
voltage control circuits to perform in sequence a 
given series of operations. 
In the copending U. S. patent application Seriai 
No. 141,529 fited January 31, 1950, and entitled 
Two-Wire Sequence lelay there is disc]osed an 
etectromagnetic retay adapted to perform sequen- 
tia]ly certain control operations. The instant in- 
vention comprises a modification of a portion of 
the retay mechanism as disctosed in the said co- 
pending application. 
It is according]y an object of this invention to 
provide a nove] and simplified mechanism for 
]inking the armature movement of a relay with 
the output means thereof, which mechanism con- 
verts repeating armature motion into a sequence 
of work operations. 
If is another object of the invention to provide 
a highty efficient and retative]y indestructible 
mechanism for effecting sequence operation in a 
re]ay, whereby the output or working means of 
the re]ay cannot readily become out of step with 
movement of the armature in the course of either 
improper or extended use. 
According to a preferred embodiment of the 
invention, driving tinkage is interposed between 
the armature of an e]ectromagnetic retay and a 
set of separable etectricat contacts comprising the 
output mechanism thereof. The linkage is such 
that one comp]ete reciprocatory movement of the 
armature resutts in rapid separation of the con- 
tacts, whereas the second comp]ete reciprocatory 
movement of the armature closes the contacts, 
after which the cycle may be repeated. Struc- 
tura]]y the tinkage inctudes an osciltatory ruera- 
ber and a swinging link connected to be recipro- 
cated wi'h the retay armature, and atso to be 
swung sequentia]ly and setectivety between the 
extremities of the oscfl]atory member to effect a 
uni-directional driving connection therewith. In 
this fashion endwise movement of the swinging 
]ink, when in engagement with one extremity of 
the osci]]atory member, causes rotation of the lat- 
ter in one direction, whereas engagement with 
the opposite extremity of the member causes ro- 
tation in the opposite direction. In either case, 
however, the direction of driving movement of 
the swinging link is the saine. 
A snap spring disc having two configurations 
of stable equitibrium is ]inked to the osci]tatory 
member at a point spaced from the pivotat center 
of the latter so that the disc is snapped twice 
between its respective configurations of equi]ib- 
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rium for each oscillation of the member. Suit- 
able e]ectrical contact means are in turn ]inked 
to the snap disc so that the snap action thereof 
may effect sequential make-break action. 
5 The above and other features of the invention 
may be better understood by reference to the 
fot]owing specification disc]osing preferred em- 
bodiments of the invention in detail, referring to 
the accompanying drawings in which: 
10 Fig. 1 is a view in longitudinal cross-section of 
a retay constructed according to the invention 
and taken substantially through the center line 
thereof; 
Fig. 2 is a view in longitudinal cross-section of 
15 a portion of the re]ay taken substantia]ty a]ong 
the line 2--2 of Fig. 1 ; 
Fig. 3 is a perspective view of an iso]ated por- 
tion of the interna] mechanism of the re]ay; 
Figs. 4 through 6 are a series of plan views of 
20 the tinkage shown in Fig. 3, showing the sequen- 
tia] operation thereof; 
Fig. 7 is a plan view of one alternative ]inkage 
formed according to the invention, and 
Fig. 8 is a plan view of a second alternative 
25 ]inkage formed according to the invention. 
leferring to Fig. 1 of the drawings the re]ay 
of the present invention is formed of an outer 
cytindrical shel] member I 0 aflixed to an entarged 
base member Il, the she]] l0 forming a so]enoid 
30 chamber 12 and the base portion Il forming a 
contact chamber 13. One end of the shel] l0 is 
fitted with an insutating .cap member 14, and an 
insulating partition !  is aflixed between the shetl 
and the base to separate the so]enoid and contact 
35 chambers. 
Within the sotenoid chamber 12 a sotenoid coil 
unit 16 is fitted, with the leads of the coi] being 
connected to terminal ]ugs 17 and 18 anchored in 
the cap 14 to serve as junction terminals for the 
40 ]eads of a 2-wire re]ay-actuating circuit (hot 
shown). For a detai]ed disclosure of a typica] 
2-wire contro] circuit such as might be used with 
a re]ay of the type disc]osed herein, reference maY 
be had to the said copending application. 
45 End plates 19 and 20, formed of magnetic ma- 
teria] embrace the so]enoid coi] to afford a path 
for the flux set up by the cofl when the latter is 
energized. 
Stidab]y received within the cote of the coi] 6 
50 and extending outwardty through a suitab]e bear- 
ing aperture is an armature or p]unger 2 , having 
secured in its inner end a narrow guide rod 22 
formed of non-magnetic material and s]idably 
received in a bearing fit in a central bore of a 
55 bushing 23 formed of magnetic materia] and car- 
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ried by the end plate S. A coil spring 24 urges 
the plunger 2 outwardly, and a shoulder 25 is 
Ïormed on the plunger fo engage the end plate 
and constrain further endwise movement. 
Also mounted within the solenoid chamber 
is a stationary platform 2 (Fig. 2) secured to 
the shell 0. Upon the platform 2 there is 
journalled an oscillatory member 27 having a 
depending hub portion 28 received in a suitable 
aperture formed in the platform. The oscil- 10 
latory member 27 is formed at either extremity 
with upstanding lugs 20 and 30 between which 
the enlarged head end 
may swing. The inner end of the swinging link 
32 is pivota]ly anchored in a slot 
the outer end of the plul]ger 2, and the head 
end 3 of the link 32 is formed with a pair of 
laterally extending shoulders 3  and 3 b, best 
seen in Fig. 3, adapted to engage selectively the 
upstanding lugs 
driving connection in a manner described below. 
An arm 
adjacent its pivoted end, and an arm 34 is 
formed on the oscillatory member 27 to project 
outwardly from one end thereof. A wire spring 
35 is bridged between the free ends of the arms 
33 and 34, which spring may be in the form of 
an "omega" spring, for example, to afford resil- 
ience in either compression or tension. 
At the junction of the shell member 0 and 30 
base member  there is peripheral]y mounted 
a snap spring disc 30, the center portion of 
which is able, through the application of suitable 
initiating forces, to partake of snap movement 
between two configurations of stable quilibrium 
as shown in full and dotted lines in Fig. 2. For 
a detailed disclosure of the methods of manu- 
facture and characteristics of snap spring discs 
of the types contemplated herein, reference may 
be had to the pending U. S. Patent applications 40 
Serial No. 628j44 filed November 14, 1945, now 
Patent No. 2,57i,i70, October 16, i95i, entitled 
Toggle Springs; Serial No. 635,956 ffled Decem- 
ber 19, 1945, entitled Snap Disc Springs, and 
Serial No. 139,182 filed January 18, 1950, entitled 
Snap Springs and 1Vfethods of 1Vfanufacture. 
The axis of movement or center line of the 
snap disc is preferably offset from the axis of 
movement of the plunger 2 as shown in Fig. 1. 
Secured by one of its ends to the central or mov- 50 
ing portion of the disc 3 is a connecting link 
37 having an opening 38 in its opposite end which 
receives the upstanding lug 25 of the oscillatory 
member 27 in a driving connection. An exten- 
sion 35 is secured to the snap disc 
opposite side thereof from the connecting link 
37, the extension 30 being slidably received in 
a bearing fit in a bore 0 formed in the insulat- 
ing partition 
I-Ioused within the contact chamber  is a 60 
resilient, metallic arm  secured at its ends 
2 to the partition 5 and furnished at its free 
end with an electrical contact member 43. Op- 
posing the contact 4 and normally in engage- 
ment therewith by virtue of the self-springing 
action of the arm 4 is a stationary contact 44. 
Suitable leads (hot shown) are connected to the 
stationary contact 
of the resilient arm , to complete the elec- 
trical power circuit through the relay. 70 
When the snap sprini disc 0 is disposed in 
its configuration o equilibrium as shown in full 
lines in Fig. I, the extension 3 is in engage- 
ment with resilient arm  separatini contacts 
4 and , and when the disc is snapped into 
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its other configuration of equilibrium, t.he ex- 
tension 4 is pulled out of engagement with the 
arm 4, permitting the contacts 3 and  to 
close. 
The sequential operation of the relay is shown 
in Figs. 1, and 4 to 6 taken successively. As 
shown in Fig. 1 the omega spring 40 bas pulled 
the swinging link 32 to a position wherein the 
shoulder 3 is in engagement with the lug 
20 of the oscillatory member 27. The contacts 
4 and 44 in the power circuit are separated. 
Energization oï the solenoid cofl at this moment 
causes the plunger 2 to be drawn into the cote 
of the coil 0, pulling with it the swinging link 
32 in the first stroke of its reciprocatory move- 
ment. This causes the oscillatory member 27 
to be rotated in a clockwise direction into the 
position shown in Fig. 4, causing snap reversal 
of the configuration of equilibrium of the snap 
disc , which in turn permits the contacts 43 
and  to close. Rotation of the member 27 
also causes compression of the omega spring 35 
by virtue of the angular movement of the arm 
34. The compressed omega spring then exerts 
a force against the link 3 causing it to swing 
in a counterclockwise direction to the position 
shown in Fig. 5. 
In the meantime assuming the solenoid coil 
to bave become deenergized, as would occur in 
the course of operation of the relay, the plunger 
2 will be driven outwardly by the action of the 
coil spring 24, thereby providing the second or 
return stroke of the plunger and swinging link 
to complete one reciprocation. As a result of 
the combined swinging movement oï the link 
32, as caused by the omega spring 35, and the 
return reciprocatory movement thereof, as 
caused by the return of the plunger 2 to its 
inactive position, shoulder b of the swinging 
link will engage the lug 30 of the oscillatory 
member 27 in preparation for the next energi- 
zation of the relay coil. 
In the event the link 2 is swung prior to 
energization of the coil 0 the ]ug  will be 
first engaged by the semi-circu]ar, leading edge 
of the head 3, the curved surface serving to 
cam the swinging link in a clockwise direction 
in order that it may pass around the lug  . 
Subsequent energization of the so]enoid again 
draws the plunger into the cote pulling with it 
the swinging link 32, which in turn rotates the 
oscil]atory member 27 in a counterclockwise di- 
rection to the position shown in Fig. 6. This 
movement initiates snap movement of the disc 
 from right to left, thereby to open the con- 
tacs 43 and 44. The movement of the oscillatory 
member 27 also causes the omega spring 35 fo be 
placed in tension so that it tends to pull the 
swinging link in a c]ockwise direction to the 
position shown in Fig. 1 with subsequent de- 
enerization of the coil in the meantime permit- 
ring the swinging link and plunger o be returned 
to their initial or inactive positions.  
Thus it is seen that two complete reciproca- 
tions of the plunger 2 as caused by two succes- 
sive momentary energizations of the coil 0, re- 
sult in one complete oscillation of the member 
27, and this single oscillatory movement is utflized 
o initiate snap action of the disc 3 between its 
configurations of equilibrium as described. It 
will also be seen that the return movement of 
the plunger and swinging link bas no effect upon 
the angular position of the oscfllatory member, 
with a second and subsequent energization of the 
coil being required to complete the oscillatory 
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movement.of-the member 27, hence affording the 
desired sequence operation of the relay so that a 
2-wire circuit having only momentary push 
switches therein may be used fo drive the relay 
through its sequential operation. 
From the foregoing disclosure it will be ap- 
parent that the relay assembly may be adapted 
to perform various types of work action other 
than the make-break action of the power circuit 
as described herein for purposes of illustration. 
Also it witt be noted that certain modifications 
may be ruade in the structural details of the relay 
without departing from the spirit of the inven- 
tion. Thus, for example, the mechanism for 
swinging the link 32 between the tateral extremi- 
ries of the osciltatory member 27 may be modified 
as shown in Fig. 7, wherein a pair of leaf sprins 
4 and 4 are secured to the oscillatory member 
at its opposite extremities, with the free ends of 
the springs extending outwardty to selectively en- 
gage opposite edges of the swinging tink 32. 
When the oscfllatory member 27 is rotated in a 
counterclockwise direction by the endwise or 
pulling movement of the link 32, the spring 4 
wfll engage one edge of the link 32 to urge it in 
a clockwise direction in order that the shou]deï 
..« may eventually engage the lug 29 at the 
other end of the oscillatory member 27. The next 
reciprocatory movement of the link 32 will effect 
clockwise rotation of the oscillatory member 27, 
causing the spring 4 fo urge the link 32 in a 
counterclockwise direction in order that the 
shoulder 3 /) may eventually reengage the lug 30 
fo provide the required sequentia] action. 
A second alternative structure which may be 
formed according to the invention is shown in 
Fig. 8» wherein a pair of leaf sprfl]gs 47 and 48 
are secured by their ends to the swinging link 32 
to partake of pivotal movement therewith, le« 
ceived between the free ends of the springs 47 
and 411 is the offset free end of a driving arm 49 
rigidly secured to one extremity of the oscillatory 
member 27. In this modification, clockwise 
movement of the oscillatory member establishes 
engagement of the arm 49 with the spring 41, 
urging the swing.ing link 42 in a counterclock- 
wise direction, whereas subsequent counterclock- 
wise movement of the member 27 .carries the arm 
4 into engagement with .the spring 47 to urge 
the link $ in a clockwise direction. Thus the 
sequentiat action of the relay may be effeced in 
a manner simitar to that described above. 
Accordingly, whfle the invention has been de- 
scribed with specific reference to the accompany- 
ing drawings and the several embodiments of 
the invention shown therein, it is apparent that 
the structure is susceptible of numerous modifi- 
cations within the scope of the invention, which 
should not, therefore, be limited save as defined 
in the appended claires. 
We claire: 
1. Au electromagnet relay adapted for opera- 
tion in any position, including in combination, an 
oscillatory member mounted for oscillatory more- 
ment about an axis, abutment means carried by 
the oscillatory member on opposite sides of sad 
axis, a shifting-reciprocatory member adapted to 
shift between said abutments fo engage the latter 
selectively in unidirectional drivin connections 
to move the oscil]atory member first in one direc- 
tion and then the other, electromagnetic means 
for effecting 'eciprocatory movement of the shift- 
ing-'eciprocatory member in a direction substan- 
tially transverse with respect to the mean posi- 
tion of the oscillatory member, the unidirectional 

driving connections between the shifting-recipro- 
catory member and the oscillatory member being 
effective ïor only one direction of reciprocation 
of the shifting .member, a single spring member 
connected between the shiftin-reciprocatory 
member and the oscillatory member, said spring 
member.being constructed and arranged to afford 
resi!ience in both compression and tension, said 
spring member being activated upon reciproca- 
tory movement of the shifti-ng-reciprocatory 
member and concurrent resulting movement of 
the oscfllatm'y member, thereby to urge the shift- 
ing-reciprocatory member from one abutment 
toward the other, and work means connected to 
be actuated by said oscillatory member. 
2. A relay as set forth in claire 1 inctuding a 
snap spring disc having two coniïgurations and 
adapted to partake oï self-actuated snap move- 
ment therebetween after a brief preliminary in- 
ducing movement, and driving linkage between 
the disc and a point on the oscillatory member 
spaced .h'om the axis thereof, whereby the two 
configurations of the snap disc establish the ex- 
tïemes of oscillatory movement of the oscfllatory 
member, .and whereby the movement of the 
oscillatory member induces snapping of the disc 
between configuration, the said unidirectionat 
driving connections between the oscillatory ruera- 
ber and the shifting-reciprocatory member en- 
abling the snap spring member to partake of snap 
movement at rates and for distances exceeding 
those of the reciprocatory movement of the shift- 
ing-reciprocatory member. 
3. In .a sequence relay, in combination,.a snap 
disc member having two configurations of equi- 
libruim, means mounting said member to permit 
snap movement between said configurations, an 
oscillatm'y member having a fixed center of oscil- 
lation, means connecting the moving portion of 
the snap disc with .a point on the oscillatory 
member sIaced from the center of oscillation 
thereof, a reciprocatory member, means affording 
a separable uni-directional driving connection 
between said reciprocating member and said os- 
cillatory member selectively on either side of the 
center of oscillation thereof, and spring means 
for engaging said reciprocatory member with op- 
posite extt'emities oÏ said oscillatory member on 
alternate 'eciprocatory movements of said re- 
ciprocatory member, the movement of said oscil- 
latory member serving fo initiate snapping of said 
snap disc member from one configuration to the 
other, said snap spring being free, by virtue of 
said separable unidirectional driving connection, 
to drive the oscillatory member at rates exceed- 
ing the rate of movement of the reciprocatory 
member. 
4. A sequence relay including, in combination, 
a reciprocatory link, an oscfllatory member 
mounted for oscillation in the plane of recipro- 
cation of said tink about a given «xis, means 
affording a sequential uni-directionat driving 
cormection between said reciprocatory link and 
said oscitlatory member on either side of the 
axis of oscillation thereof, said driving connec- 
tions thereby effecting rotation of said osciltatory 
member for one stroke during each comptete re- 
ciprocation of the link, and spring means inctud- 
ing a single spring etement affording resflience 
in both compression and tension reacting be- 
tween the oscillatory member and the reciproca- 
tory tink for establishing said driving connection 
between said link and niember on opposite sides 
of said axis of oscillation of the member ort 
alternate reciprocations of said link, thereby to 
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reverse the direction of rotation of the oscilla- 
tory member upon each successive reciprocation 
of the link, said spring means holding the recl- 
procatory member in ils next succeeding driving 
position for actuating the oscillatory member, 
and work means operatively connected to said 
oscillatory member to be driven thereby. 
5. An electromagnetic relay adapted to be op- 
erated in any position including in combination, 
a swinging link, electromagnetic means for effect- 
ing endwise reciprocatory movement of said link, 
an oscillatory member pivotally mounted adja- 
cent the swinging end of said link and disposed 
along an axis substantially transverse to the axis 
of said swinging link, the axis of oscillation of 
said oscillatory member being disposed inter- 
mediately of the end points thereof, means af- 
fording a separable unidirectional driving con- 
nection between either end of said oscillatory 
member and the ïree end of said swinging link, 
unitary spring means affording resilience in both 
tension and compression reacting between said 
oscillatory member and said swinging link 
sponsive to oscillatory movement of said member 
for urging said link in an angular direction op- 
posed to that of said oscillatory member, work 
means having al least two oPerative positions, 
snap spring member having al least two con- 
figurations of equilibrium operatively connected 
to said work means, and a connecting link be- 
tween said snap spring member and said osctlla- 
tory member al  point spaced from the axis of 
oscillation of the latter, sald snap spring belng 
adapted to be displaced ïrom one configuration 
oï equilibrium to another by each complete re- 
ciprocation of said swinging link, said snap spring 
member acting, aller snap action is initited, to 
drive the oscillatory member independently of 
the said swinging link. 
6. A sequence relay operable in any Position 
and adapted to be energized by a 2-wire control 
circuit including in combinatlon, a coil connected 
in the control circuit, a magnetic armature, first 
spring means urging said armature in one direc- 
tion, said armature being adapted to be dis- 
placed in the other direction upon energization 
oï the coil, a link connected to said armature to be 
reciprocated thereby, pivot means between said 
link and said armature affording swinging move- 
ment of the free end of the link, e pair of shoul- 
ders carried by the link adjacent the swinging 
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8 
end thereof, a member mounted adjacent the 
swinging end of the link for oscillatory more- 
ment about a given axis and in the plane of 
ciprocation of the link, the mean position of the 
5 said link being substantially perpendicular to the 
mean position of the oscillatory member, a pair 
of driving lugs carried by the member on either 
side of said axis of oscillation to be engaged se- 
lectively by a corresponding shoulder on said 
10 link in a separable uni-directional driving con- 
nection, said link thereby being connected to 
said member for only one stroke of each recipro- 
cation, a first arm carried by the member and 
extending laterally outwardly thereïrom, a sec- 
15 ond arm carried by the link, second spring means 
comprising a single spring element affording 
resilience in both compression and tension con- 
nected between said arms to urge swinging move- 
ment of the link from one lug to th'e other re- 
20 sponsive to each rotational movement of the 
oscillatory member, and a snap disc member 
having two configurations and linked to said 
oscillatory member al a point spaced from the 
axis of oscillation thereof, whereby movement of 
5 the oscillatory member as caused by said link 
initiates snap movement of the disc member and 
whereby the rate and distance of travel of the 
dics member may exceed the rate and distance 
of travel of the said armature. 
30 7. In a relay as set forth in claim 6 including a 
rounded camming surface formed on the free 
end of said swinging link fo induce reverse swing- 
ing of the link against the action of said spring 
means when the said camming surface engages 
3i either of the lugs during the reverse stroke of the 
reciprocating movement of the link. 
JOHN B. CATALDO. 
ELBER, T De :F. TIDD. 
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